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Shoe roll 

5 The present invention relates to calendering of a fibrous web, such as a paper and board 
web. More specifically, the present invention relates to a shoe roll for a multi-roll calender 
according to the preamble of claim 1 . 

Calendering is a method by means of which the properties, in particular the thickness 
10 profile, smoothness, gloss, surface porosity and translucence of a web-like material, such 
as a paper web, are sought to be generally improved. In calendering the paper web is 
passed into a nip which is formed between rolls pressed against each other and in which 
the paper web is deformed by the action of temperature, moisture and nip pressure, in 
which connection the physical properties of the paper web can be affected by controlling 
15 the above-mentioned parameters and the time of action. The good physical properties 
attained by calendering lead to better print quality, thereby bringing a competitive 
advantage to the manufacturer of paper. 

Shoe and/or extended-nip calendering is calendering in a calender unit in which a nip is 
20 formed between a roll provided with a resilient shell, the shell of said roll being made, for 
example, of polyurethane, and a press roll or shoe roll which has a rigid shell and is 
provided with an internal loading shoe and which is made of metal, such as steel. 

In a multi-roll calender, the paper web is calendered by passing the web through nips 
25 defined between calender rolls arranged one upon the other to form a stack of rolls. The 
rolls are mounted on the fi-ame of the calender and they are arranged to be in nip contact 
with one another such that the paper web can be calendered by passing it through the nips 
and by arranging a given load between the rolls in order to provide a linear load in the nip. 
For example, Finnish patent 95062, which corresponds to US patent 5,590,593, discloses 
30 a calender in which the two lowest rolls in a stack formed by four rolls are deflection- 
compensated rolls, advantageously zone-controlled rolls and they are moimted so as to be 
stationary, i.e. their bearing housings are rigidly suspended fi-om supports mounted on the 
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frame of the calender. The two topmost rolls, of which the highest one is also a deflection- 
compensated roll, preferably a zone-controlled roll, are mounted to be movable such that 
their bearing housings are attached to loading arms pivotally mounted by means of 
articulated joints on the frame of the calender. The highest deflection-compensated roll 
5 can be provided with a resilient coating and the second topmost roll is a beatable so-called 
thermo roll. The lowest deflection-compensated roll in the roll stack can also be provided 
with a resilient coating. The calender has alternative modes of operation, such as, for 
example, passing the paper web to be calendered through all three nips with the nips 
closed or, by opening the topmost nips, through only two or one nip, respectively. It is 
10 mentioned that the advantages include, among other things, the fact that the calender 
principally provides all the same advantages as are achieved by conventional soft calen- 
ders, in addition to which the middle nip in the calender is a hard nip, by means of which 
caliper can be equalized. Moreover, the modifiability of the calender makes it suitable for 
many paper grades. 

15 

Similar modifiable calenders are also disclosed in European application publication 
890676 and in GB application publication 2,119,422. European application publication 
890676 discloses a calender in which six rolls are attached to a frame to form a calender 
stack. The topmost roll is fixedly attached to the frame, the middle rolls are attached to 

20 loading arms, and the bottom roll is arranged in a carriage which can be displaced in a 
vertical direction in a guide. The topmost and lowermost rolls are deflection-compensated 
rolls, and the topmost and lowermost rolls as well as the two middle rolls are rolls 
provided with an elastic coating, while the second lowest roll and the second topmost roll 
are hard-surface rolls. It is typical of the calender that when the topmost and lowermost 

25 nips are closed, the other nips therebetween are open, so that the web can be calendered 
symmetrically by means of the topmost and the lowermost nip and conducted without 
calendering through the open nips and via the take-out rolls situated adjacent to the rolls 
which form the opened nips. 

30 GB application publication 2,119,422 in turn relates to an arrangement in which two 
stacks of three rolls are placed adjacent to each other on the same calender frame, the 
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middle roll in each of said stacks being a hard roll and fixedly mounted on the frame and 
the soft rolls situated on both sides of the middle roll being displaceable to an operating 
position into nip contact with the hard-surface roll and away from it. These rolls situated 
in both stacks above and beneath the hard roll are deflection-controlled rolls. One of the 
soft-surface rolls in each roll stack serves only as a spare roll, which can be employed 
when the soft-surface roll proper which is in nip contact, for instance, becomes damaged, 
and thus the calender operates in practice as a double nip calender formed by two roll 
pairs. 

Figs. 5D and 5E of US patent 4,332,1 91 show a calender which comprises two stacks of 
three rolls placed one upon the other, in which the middle roll in the upper stack is a soft 
roll and all rolls in the lower stack are hard rolls. Moreover, the calender includes a stack 
of three rolls on the other side of the frame, the middle roll in the stack being soft. The 
web can be calendered by passing it via the stacks provided with a soft middle roll or, by 
lowering the bottom roll of the upper stack into contact with the lower stack, a stack of 
four hard rolls is provided, and the web is passed through three nips of said stack. 

There is also known a soft calender under the name of OPTIGLOSS^'^, which comprises 
two separate sets of three rolls, in both of which the middle roll is a hard thermo roll and 
there is a soft-surface roll on both sides of it. This provides a calender having 6 rolls and 
4 nips in all. 

As described above, it is typical of all calender structures that nips are opened by means 
of loading arms or by displacing other support structures supporting the calender roll, such 
as a carriage supporting the roll in guides extending parallel to the roll stack. This is 
necessary in order that the nips may be opened when changing the mode of calendering, 
i.e. the number or location of the nips which are calendering, for example, when the paper 
grade to be produced is changed. Likewise, it is typical of previous arrangements, like 
EP890676, that the mode of calendering is changed by opening some of the nips and by 
passing the web through the remaining closed nips. This leads to the fact that many rolls 
have to be moved. 
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Shoe rolls are typically hydraulically deflection-compensated, zone-controlled rolls in 
which the shell is supported from a non-rotating central shaft of the roll by means of a 
hydrostatic loading arrangement, such as a row of loading shoes, which transfer the nip 
force acting on the shell rotating around the central shaft so as to be carried by the central 
shaft. The loading element is generally also divided into zones, in which connection the 
loading pressure can be regulated as required by profiling. The zoning in this kind of zone- 
controlled shoe roll may comprise individual elements of the loading arrangement, in which 
connection the number of zones in the roll and in the loading arrangement may exceed 60 - 
as examples may be mentioned the shoe rolls marketed by the applicant under the trade- 
marks SymCD™ and SymCDS™, or the zoning may comprise a group of individual 
elements of the loading arrangement, in which connection the roll and the loading arrange- 
ment normally comprise eight zones - as examples may be mentioned the shoe rolls 
marketed by the applicant under the trademarks SymZ™, SymZS™, SymZL™, and 
SymZLC™. 

Shoe and/or extended-nip calendering has generally been found to be good for producing 
low-gloss paper grades, i.e. having a Hunter gloss % below 40, by calendering. When 
higher gloss is required, the nip pressure is, however, not sufficient to provide gloss. With 
ever-increasing running speeds, calendering is becoming a bottleneck in the papermaking 
process, and satisfactory quality is not achieved by today*s machine calender units. Some 
of the drawbacks of the present papermaking process are also that 
the loss of bulk increases when gloss is improved, and 

in order to provide sufficient quality, it is necessary to use webs with an abundance of 
coating and/or to use off-line calendering, in particular multi-nip calendering, the 
known application of which is supercalendering, and/or soft calendering. 

The direction in the calendering technology is to an ever increasing degree towards on-line 
solutions even when the intention is to manufacture higher quality printing paper grades, 
such as SC and glossy coated papers. Fig. 1 illustrates how different printing paper grades 
are calendered today and, in particular, it can be seen where the calendering technology is 
heading in the near fiature. 
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a. Machine calendering is calendering in a calender unit in which nips are formed 
between non-resilient smooth-surface metal rolls placed one upon the other. The 
width of the nip in a machine calender is typically very small and the nip load in the 
nips is relatively high. 

5 b. Multi-roll calendering, the known applications of which include supercalendering 
and, for producing SC-A and LWC grades in particular, a multi-roll on-line or off-line 
calender which provides in off-line operation in practice the best result in terms of 
quality, is calendering in a calender unit in which nips are formed between a smooth- 
surface metal or cast iron roll and a roll coated with a resilient coating, such as a 

10 paper or polymer roll, in which connection a wide nip is formed. The resilient-surface 

roll conforms to the contours of the surface of paper and presses the opposite side of 
paper evenly against the smooth-surface metal roll. Because of the resilient-surface 
roll, the calendering time is also longer, wherefore in order to assure adequate 
capacity, the paper machine must be equipped today even with three multi-roll 

15 calenders. In a multi-roll calender there are today typically from one to two sets of 

rolls and 10 tol2 nips. For the purpose of treating both sides of the web, the supercal- 
ender comprises a so-called reversing nip in which there are two resilient-surface rolls 
placed against each other. The linear load in the multi-roll calender increases from the 
top nip to the bottom nip because of the gravity of the earth. By using relief of the 

20 rolls, this increase in load can be compensated for. This kind of multi-roll calender 

provided with the relieving of the rolls is the multi-roll calender marketed by the 
applicant under the trademark OptiLoad™. 
c. Soft calendering is calendering in a calender unit in which nips are formed in a 
manner similar to that of a multi-roll or supercalender between a smooth-surface 

25 metal roll and a roll covered with a resilient coating, in which connection a wide nip 

is formed. In a soft calender, each nip is formed between separate roll pairs, in which 
connection the nip load in individual nips can be adjusted in each individual nip, or 
between roll pairs in separate sets of rolls, in which connection the nip load can be 
adjusted in each individual set of rolls. The soft calender can be used as an on-line 

30 calender and it can replace the machine calenders of a paper machine. In order to treat 

both sides of the web in the calender, the order of the roll pairs or of the sets of rolls 
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forming the successive nips is reverse with respect to the web such that the resilient- 
surface roll or the resilient-surface rolls can be caused to work on both surfaces of the 
web. 

5 One object of the present invention is to eliminate or at least minimize the weaknesses and 
drawbacks associated with today's multi-roll calendering and to provide a new type of 
intermediate and/or middle roll for a multi-roll calender in order to improve the 
profileability of a fibrous web in the nips of a multi-roll calender, such as a multi-nip on- 
line or off-line calender, supercalender and/or soft calender. Another object of the present 
10 invention is to provide a calender that can be modified in a new, simple manner. 

These objectives are achieved according to the invention by means of a shoe roll of the 
kind mentioned at the beginning, the principal special features of the shoe roll being set 
forth in the characterizing part of the accompanying independent claim L 

15 

In the shoe roll according to the invention, the shoe rows loading and profiling the shell 
of the shoe roll are arranged in the direction of the nips of the shoe roll, and the shell of 
the shoe roll is made of a composite material, the properties of which are selected with a 
fibre orientation such that the shell is more rigid in the circumferential direction than in 
20 the axial direction. 

The calender according to one embodiment of the invention comprises two stacks of three 
rolls placed one upon the other, the rolls of the stacks being displaceable so as to provide 
one operation nip between the middle rolls or two operation nips in both stacks. 

25 

Both of the stacks of three rolls placed one upon the other in the same calender frame of 
the calender have advantageously a thermo roll in the middle and a soft-surface roll above 
and underneath. The soft-surface rolls are advantageously rolls provided with a movable 
shell, which means that they can be displaced in the direction of the nip plane by displac- 
30 ing the shells in the radial direction. The movable-shell rolls are fixedly attached to the 
frame of the calender. In that connection, the lower movable-shell roll in the upper roll 
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stack and the upper movable-shell roll in the lower roll stack can be moved by displacing 
the shells into nip contact with each other and apart from nip contact with the middle roll 
of the upper roll stack and the middle roll of the lower roll stack, respectively. Likewise, 
the top roll in the upper roll stack and the bottom roll in the lower roll stack can be 
5 displaced by means of a movement of the roll shell taking place in the direction of the nip 
plane apart from the middle roll and back into nip contact with the middle roll. The rolls 
are fixedly attached to the frame at such distances from one another that all the nips can 
be opened by means of movements of the movable-shell rolls. 

10 With respect to the advantages of the shoe roll according to the invention it may be 
mentioned that the loading of the nip can be simultaneously changed by means of 
individual shoes or a group of shoes of the shoe rows which are loading the shell of the 
shoe roll and which are spaced from one another in the circumferential direction, i.e. the 
load of the nip can be increased and/or reduced, thereby providing successive nips which 

15 profile in the same way and enhance the result of calendering. The invention also makes 
it possible that all the nips of a multi-roll calender can now be made profiling nips by 
means of the shoe roll and that the top and/or the bottom roll of a multi-roll calender, such 
as a supercalender, can now be made a profiling top and/or bottom roll. 

20 In accordance with an embodiment of the invention regarded as particularly advantageous, 
the composite material is advantageously selected from a group which includes: 
continuous-fibre reinforced plastic; glass fibre; a composite of carbon fibres and/or epoxy. 

In order that the shell should be more rigid in the circumferential direction than in the 
25 axial direction, in an embodiment of the invention considered advantageous, the fibre 
orientation of the composite material has been accomplished such that a major proportion 
of the fibres has been wound at an angle of over 45 with respect to the axis of the roll. 
Advantageously, this winding angle is in the range of W - 90°. 

30 The invention enables the calender to be modified only by arranging the middle rolls (the 
top roll in the lower roll stack and the bottom roll in the upper roll stack) into nip contact 
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with each other and apart from each other into nip contact with the middle roll of their 
own stack. This allows, for example, symmetric calendering to be accomplished in four 
nips formed by hard-surface and soft-surface rolls while the nip formed between the top 
calender roll of the lower stack and the bottom roll of the upper stack is open, or matte 
5 calendering to be accomplished by passing the web out of the calender through the closed 
nip between the bottom roll of the upper stack and the top roll of the lower stack. By 
dimensioning the positioning of the roll shafts, the diameters of the roll shells and the 
distances of the radial movement of the roll shells in a suitable manner, the change can be 
accomplished only by displacing roll shells, i.e. separate transfer devices for displacement 
10 of the entire roll are not needed. 

With respect to the advantages of other details and the structural details of the invention, 
reference is made to the dependent claims of the accompanying set of claims. 

15 In the following, the invention will be described in more detail with reference to the 
accompanying patent drawings, in which 

Figure 1 shows how different printing paper grades are calendered today and, in particular, 
the direction in which the calendering technology is heading in the near future. 
Figure 2 is a schematic sectional view of a multi-roll calender, 
20 Figure 3 is a side view of a calender with nips open, 

Figure 4 shows a calender in a first running situation, and 
Figure 5 shows the calender in a second running situation. 

In the multi-roll calender shown in Fig, 2, the run of a fibrous web which is being 
25 calendered is as follows. The fibrous web W which is calendered enters a top nip YN 
between a top roll 1 of the multi-roll calender and an upper rigid-shell press roll 2 
provided with a smooth-surface metal or chilled shell 21, from which nip the fibrous web 
W runs around a guide member 3 (e.g. a guide roll) into an upper profiling nip PNl 
between the rigid-shell press roll 2 and an upper intermediate or middle roll 4 according 
30 to the invention, which roll is a shoe roll provided with a shell 41 of a composite material, 
after which the fibrous web W runs around a guide member 5 (e.g. a guide roll) into a 
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reversing nip KN between the upper middle roll 4 according to the invention, which roll 
is a shoe roll, and a lower intermediate or middle roll 6 according to the invention, which 
roll is a shoe roll and also has a shell 61 of a composite material, after which the fibrous 
web W runs around a guide member 7 (e.g. a guide roll) into a lower profiling nip PN2 
between a lower middle roll 6 according to the invention, which roll is a shoe roll, and a 
lower rigid-shell press roll 8 provided with a smooth-surface metal or chilled shell 81, 
after which the fibrous web W runs around a guide member 9 (e.g. a guide roll) into a 
bottom nip AN between the lower rigid-shell press roll 8 and a bottom roll 10 of the 
calender. 



The upper middle roll 4 according to the invention comprises, according to the invention, 
a composite shell 41 and an upper shoe row 43 and a lower shoe row 42 which are 
arranged both at the profiling nip PNl and at the reversing nip KN and which load and 
profile the upper profiling nip PNl of the fibrous web, the reversing nip KN of the fibrous 

15 web and the composite shell 41 . The lower middle roll 6 is substantially identical with the 
upper middle roll 4. Thus, the lower middle roll 6 comprises, according to the invention, 
a composite shell 61 and an upper shoe row 62 and a lower shoe row 63 which are 
arranged both at the reversing nip KN and at the profiling nip PN2 and which load and 
profile the reversing nip KN of the fibrous web, the lower profiling nip PN2 and the 

20 composite shell 61 . 

In order to provide successive profiling nips, which profile in the same way and enhance 
the result of calendering, the reversing nip KN in the multi-roll calender is preceded by at 
least one profiling nip PNl (as shown in Fig. 2) in which the metal or chilled shell 21 of 

25 the upper rigid-shell press roll 2 and the composite shell 41 of the upper middle roll 4 
according to the invention are placed against each other. In addition, for the purpose of 
enhancing the result of calendering, the reversing nip KN is followed by at least one 
profiling nip PN2 (as shown in Fig. 2) in which the composite shell 61 of the lower middle 
roll 6 according to the invention and the metal or chilled shell 81 of the lower rigid-shell 

30 press roll 8 are placed against each other. 
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In accordance with the invention, the properties of the composite material are selected 
with a fibre orientation such that the composite shell 41 , 61 is considerably more rigid in 
the circumferential direction than in the axial direction, with the result that by changing 
the load of the shoe rows 42, 43, 62, 63, the profiles of the composite shell 41, 61, the 
5 profiling nip NPl , NP2 and/or the reversing nip KN can be changed. In that connection it 
becomes possible, among other things, to control the nip spacing and thus the linear load 
in the profiling nip PNl, PN2 and/or in the reversing nip KN and to correct any profile 
errors caused by different deflections of the rolls defining the nip by changing the profile 
of a roll shell or roll shells. 

10 

In order to make all the nips of the calender such that they can be profiled and that they 
profile the fibrous web W, in the embodiment shown in Fig. 2, in addition to the middle 
rolls 4 and 6, shells 1 1 and 101 of the top roll 1 and the bottom roll of the calender, 
respectively, have also been made of a composite material, which is advantageously the 

15 same composite material as the composite material of the shells of the middle rolls 4, 6. 
Since the top and bottom rolls 1,10 have also been provided with an internal shoe row 12, 
103 loading the shell, the profiles of the composite shell 1 1, 101, the top nip YN and/or 
the bottom nip AN can be changed by changing the load of the shoe rows 12, 103. In that 
connection it becomes possible, among other things, to control the spacing of the nip YN, 

20 PNl , KN, PN2, AN and to correct any profile error caused by different deflection of the 
upper and lower rolls defining the nip by changing the profile of the roll shell. 

In accordance with an embodiment of the invention regarded as particularly advantageous, 
the composite material is selected from a group advantageously including: continuous- 
25 fibre reinforced plastic; glass fibre; a composite of carbon fibres and/or epoxy. 

In order that the shell should be more rigid in the circumferential direction than in the 
axial direction, in an embodiment of the invention considered advantageous, the fibre 
orientation of the composite material has been accomplished such that a major proportion 
30 of the fibres has been wound at an angle of over 45*" with respect to the axis of the roll 1, 
4, 6, 10, Advantageously, this winding angle is in the range of 70"* - 90**. 
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The shoe roll 1, 4, 6, 10 according to the invention is advantageously a hydraulically zone- 
controlled top roll, intermediate roll, middle roll or bottom roll of a calender, the composite 
shell 1 1, 41, 61, 101 of which roll is supported from a non-rotating central shaft of the roll 
by means of a hydrostatic loading arrangement 12;42;43; 62;63;103, such as a row of 
5 loading shoes which transfer the nip force acting on the composite shell rotating around the 
central shaft so as to be carried by the central shaft. 

Fig. 3 is a side view of a calender. Six rolls are placed one upon the other on a frame R of 
the calender, said rolls forming two stacks A and B of three rolls. In the upper roll stack A, 

10 the top and bottom rolls 1 and 4 are rolls provided with a movable shell, the shells of said 
rolls being displaceable in the radial direction in the direction of the nip plane passing 
through the axes of rotation of the rolls. The roll shells of said rolls 1 and 4 are soft-surface 
shells, for example, provided with a polymer coating. Between the top and bottom rolls 1, 
4 there is a hard beatable roll 2, i.e. a so-called thermo roll. The surface of this middle roll 

15 2 can be, for example, a smooth metal surface. 

In the lower roll stack B, in which the nip plane of the rolls is a continuation of the nip 
plane of the upper roll stack A, there are rolls which are identical with and in the same 
order as the rolls in the upper roll stack A, i.e. a middle hard beatable thermo roll 8 and, 
20 above and beneath it, a soft-surface movable-shell roll 6 and 10, respectively. 

The movable-shell rolls 1, 4, 6, and 10 are so-called Sym-roUs, inside which there are 
loading members applying a force in a radial direction, which members are located on a 
stationary shaft and distributed in diflFerent zones across the machine width and by means 
25 of which the roll shell can be displaced in a radial direction and, in particular, in the 
direction of the nip plane in order to open and close the nip formed by the roll and to load 
the roll in a controlled manner. 

The movable-shell soft rolls 1, 4, 6, and 10 in both roll stacks A, B have all identical 
30 measures and structure, and the middle rolls 3 and 8 in both roll stacks A, B have identical 
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measures and structure, with the result that only two types of rolls need be arranged as 
spare parts for the calender. 

^ The movable-shell rolls 1, 4, 6, and 10 are attached to the roll frame R by means of 

5 supports 13 which have substantially fixed positions and which support the stationary shaft 
of the roll at both ends. Even though Fig. 3 shows a horizontal boh 14 for attaching the 
supports 13 to the calender fi-ame R, other means of attachment can also be used by which 
the supports can be arranged to be in a fixed position on the frame. The bearing housings 
of the middle rolls 4 and 6 of the roll stacks A, B can be attached to the frame R by means 
10 of articulation supports and said rolls can be relieved hydraulically according to the known 
principles concerning sets of articulation rolls at both ends by means of a hydraulic cylinder 
acting between the bearing housing and the frame. 

The rolls are placed in two superimposed stacks A, B such that the movable-shell rolls 1, 
15 4, 6, and 10 can be displaced apart from the middle hard rolls 2 and 8, and the bottom roll 
4 of the upper roll stack and the top roll 6 of the lower roll stack are not in contact with 
each other, in which connection all the nips YN, PNl, KN, PN2, AN from top to bottom 
are open. Fig. 3 shows this situation. The distance d between the roll shells in the nips can 
be a few millimetres, for example, below 10 mm. 

20 

Fig. 4 shows a first running situation in which both nips YN, PNl and PN2, AN of each 
roll stack A, B are closed, i.e. a calendering nip is formed on both sides of the heated 
thermo roll 2, 8 with the respective soft-surface roll 1, 4, 6, and 10. In other words, the 
web which is being calendered is run through four nips in total, which are all nips formed 
25 by a soft-surface roll and a hard heated roll. Between the roll stacks, the web runs through 
the open nip KN. The web will also be calendered symmetrically, i,e. in the first roll stack, 
the first surface is against a hard hot-surface roll and, in the next stack, the opposite surface 
is against a hard hot-surface roll. By regulating load and/or temperature, the different sides 
can also be treated differently in the successive roll stacks A, B. 

30 
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Fig. 5 shows a second running situation in which the bottom roll 4 in the upper roll stack 
A and the top roll 6 in the lower roll stack B have been moved apart from the middle roll 
2 and 8 of the respective roll stack, i.e. they have been moved into contact with each other 
in the direction of the nip plane in order to close the space left between the roll stacks, 
5 whereby the calendering nip KN is formed which is defined by a soft-surface roll on both 
sides. In this mode of running, the web to calendered is passed only through this nip KN in 
order to implement matte calendering. In this running mode, the rolls 4 and 6, Sym-roils, 
are turned through 1 80 such that the loading members are placed at the calendering nip 
KN. If either roll or both rolls is/are provided with two series of loading members located 
10 inside the roll shell at a distance of 1 80° from each other, the roll need not be turned. 

The nip KN can also be formed such that the bottom roll 10 of the lower stack B and the 
middle roll 8 attached to the frame by means of articulation supports are lowered, with the 
result that the nip PN2 becomes free, and the bottom roll 4 of the upper stack A is lowered 
15 to form the nip KN. 

No separate loading cylinders are needed in the calender because loading can be accom- 
plished by means of the loading members located inside the shells of the Sym-roUs (soft- 
surface rolls 1, 4, 6, 10). 

20 

Figs. 3-5 also show take-out rolls 3, 5, 7, 9 typical of the calender, by means of which the 
web W which is being calendered can be taken out of the nips and which have been placed 
on both sides of the roll stacks A,B. 

25 On-line calendering of paper is advantageously accomplished by means of the calender 
described above, in which connection it can be placed in a papermaking line. The calender 
is short in the machine direction, with the result that it is easy to place in an existing line, 
for example, in connection with rd)uilds. Moreover, a change of the mode of running from 
the mode of calendering shown in Fig, 4 to the mode of calendering shown in Fig. 5 and 

30 vice versa is easy to accomplish. 
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Above, the invention has been described only by way of example by means of one of its 
embodiments regarded as advantageous. This is, of course, not intended to limit the 
invention and, as is clear to a person skilled in the art, many different alternative solutions 
and modifications are feasible within the inventive idea and its scope of protection defined 
5 in the accompanying claims. The wide usability of the present invention in almost all kinds 
of calendering applications, with the exception of pure machine calendering, shall be 
particularly noted. 



The shoe roll provided with a composite shell according to the invention enables the 
10 calender to be run and used with different nip combinations. Some of the nips can be kept 
open. For example, in the case shown in Fig. 2, the nips AN and PN2 can be left open, in 
which connection the web W is passed directly from the knip KN to reeling. In that 
connection, the calender shown in Fig. 2 can be arranged to comprise two nips by feeding 
pressure only for the shoe 43 in the roll 4 and leaving the shoe 42 v^thout pressure. 
15 Thereby, a calender is provided which has two successive nips profiling the web W on the 
same side. When the shoes 12 and 43 above and beneath the nips YN and PNl are 
simultaneously pressed or relieved, two successive nips can be provided which profile the 
web W in the same way, which enhances the outcome. 



20 
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Claims 

1 . A shoe roll for a calender, advantageously for a multi-roll on-line or oflF-line calender, 
soft calender or equivalent, which calender comprises at least one nip (YN, PNl, KN, PN2, 

5 AN) profiling a fibrous web (W) that is being calendered, characterized in that the shoe 
roll (1, 4, 6, 10) constitutes at least one of the calender rolls which define the nip (YN, 
PNL KN, PN2, AN), that a shell (11, 41, 61, 101) of the shoe roll (1, 4, 6, 10) is of a 
composite material, and that the shoe roll (1, 4, 6, 10) is provided with internal shell- 
loading means (12, 42, 43, 62, 63, 103), advantageously loading shoes, for profiling the 
10 shell (11,41,61,101), the nip (YN, PNl, KN, PN2, AN) and/or the fibrous web (W) as 
well as for controlling contact in the nip (YN, PNl, KN, PN2, AN). 

2. A shoe roll according to claim 1, characterized in that the shoe roll is a middle or 
intermediate roll (4, 6) in a multi-roll calender, a soft calender or equivalent, and that shoe 

15 rows (42, 43; 62, 63) loading and profiling the composite shell (41, 61) of the shoe roll are 
arranged parallel to the nips (PNl, KN, PN2) defined against the shoe roll. 

3. A shoe roll according to claim 1, characterized in that both middle or intermediate rolls 
(4, 6) in a multi-roll calender are composed of the shoe roll, and that shoe rows (42, 43; 

20 62, 63) loading and profiling the composite shell (41, 61) of the shoe roll are arranged 
parallel to the nips (PNl, KN, PN2) defined against the shoe roll. 

4. A shoe roll according to claim 2 or 3, characterized in that the shoe rows (42, 43; 62, 
63) are uniformly spaced with respect to one another in the circumferential direction of the 

25 composite shell (41, 61). 

5. A shoe roll according to any one of claims 1 to 3, characterized in that the shoe roll is 
atop roll (1) in a multi-roll or soft calender, and that shoe rows (12) loading and profiling 
the composite shell (1 1) of the shoe roll are arranged parallel to a top nip (YN) defined 

30 against the shoe roll. 
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6. A shoe roU according to any one of claims 1 to 3, characterized in that the shoe roll is 
a bottom roll (10) in a multi-roll or soft calender, and that the shoe rows (103) loading and 
profiling the composite shell (101) of the shoe roll are arranged parallel to a bottom nip 
(AN) defined against the shoe roll. 

5 

7. A shoe roll according to any one of claims 1 to 6, characterized in that the properties 
of the composite shell of the shoe roll are achieved by a fibre orientation such that the 
composite shell is more rigid in the circumferential direction than in the axial direction. 

10 8, A shoe roll according to claim 7, characterized in that the composite material is 
selected from a group which advantageously includes: continuous-fibre reinforced plastic; 
glass fibre; a composite of carbon fibres and/or epoxy. 

9. A shoe roll according to claim 7, characterized in that in order to provide a shell which 
15 is more rigid in the circumferential direction in relation to the axial direction of the shoe roll 
(1, 4, 6, 10), the fibre orientation of the composite material has been accomplished such 
that a major proportion of the fibres has been wound at an angle of over 45 with respect 
to the axis of the roll (1, 4, 6, 10). 

20 10. A shoe roll according to claim 9, characterized in that the angle is advantageously in 
the range of 70° -90**, 

1 1. A shoe roll according to any one of claims 1 to 10, characterized in that the shoe roll 
(1, 4, 6, 10) is advantageously a hydraulically zone-controlled top roll, intermediate roll, 
25 middle roll or bottom roll of a calender, the composite shell (11,41,61, 101) of which is 
supported fi-om a non-rotating central shaft of the roll by means of hydrostatic loading 
arrangements (12; 42, 43; 62, 63; 103), such as rows of loading shoes, which transfer the 
nip force directed at the composite shell rotating around the central shaft so as to be 
carried by the central shaft. 
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12. A shoe roll according to any one of the preceding claims 1 to 1 1, characterized in 
that, in calender operation, the shoe roll (6, 10) can be separated from nip (PN2, KM) 
forming contact with a press roll (8) or another shoe roll (4). 

5 13. A shoe roll according to any one of the preceding claims 1 to 12 in a calender in which 
there are two stacks (A,B) of three rolls placed one upon the other such that between the 
stacks there remains a space which is defmed by a bottom roll (4) of the upper stack (A) 
and by a top roll (6) of the lower stack (B), characterized in that said two rolls (4, 6) can 
be separated from contact with rolls (2, 8) of their own roll stack (A, B) into nip contact 
10 (KN) with each other. 

14. A shoe roll according to claim 13, characterized in that said two rolls (4, 6) that can 
be separated from contact are sofr-surface rolls. 

15 15 . A shoe roll according to claim 14, characterized in that the top roll (1) of the upper 
roll stack (A) and the bottom roll (10) of the lower roll stack (B) are also soft- surface rolls 
and the middle rolls (2, 8) of the roll stacks (A, B) are hard rolls. 

16. A shoe roll accordmg to claim 15, characterized in that the middle rolls (2, 8) are 
20 beatable thermo rolls. 

17. A shoe roll according to any one of the preceding claims 13 to 16, characterized in 
that at least the bottom roll (4) of the upper roll stack (A) and the top roll (6) of the lower 
roll stack (B) are fixedly mounted on a calender frame (R) such that their shells can be 

25 displaced in the direction of the roll stack with respect to supports (13) of the rolls. 

18. A calender according to claim 17, characterized in that at least the bottom roll (4) of 
the upper roll stack (A) and the top roll (6) of the lower roll stack (B) are provided with 
loading members located inside the roll shell. 

30 
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□ the description, pages: 
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□ the drawings, sheets: 

5. IS This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 1,3,9 

Inventive step (IS) Yes: Claims 

No: Claims 2,4-8.10,11 

Industrial applicability (lA) Yes: Claims 1 -1 1 

No: Claims 



2. Citations and explanations 
see separate, sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vill. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item I 

Basis of the report 

According to amended Claims 12 and 13, the calender comprises two stacks of 
three rolls placed one upon the other such that between the stacks there remains 
a space which is defined between the bottom roll of the upper stack and the top 
roll of the lower stack, in which the intermediate roll of the upper stack and of the 
lower stack are shoe rolls . 

There is no basis in the application as originally filed for the underlined feature 
above, contrary to the requirements of Article 34(2)(b) PCX. 

The present report has therefore been established as if amended Claims 12 and 
13 had not been filed. 



Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

1 . Reference is made to the following documents: 

D1: US-A-5 938 895 
D2: US-A-5 590 593 
D3: EP-A-0 698 684 
D4: EP-A-0 890 676 

Document D3 was not cited in the international search report. 

2. Insofar as the subject-matter of Claims 1 to 1 1 can be understood given the 
objections raised under Item VIII, it does not meet the requirements set forth in 
Article 33(1) PCT for the following reasons. 

3. Document D1 (see column 4, line 16 - column 5, line 58) discloses a multi-roll 
calender comprising a plurality of calender rolls (21-26) arranged one upon the 
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other and defining in operation a plurality of nips, wherein at least one nip is a 
profiling nip for profiling a fibrous web (12) that is being calendered, one of the 
calender rolls defining the profiling nip being a shoe roll (24) comprising an outer 
shell (31 ) and internal shelMoading shoe means (34) for profiling the shell, the nip 
and the fibrous web as well as for controlling contact in the nip, wherein the shoe 
roll (24) is an intermediate roll located between the top roll (26) and the bottom roll 
(21) of said plurality of rolls and comprises two rows of internal shell-loading shoe 
means (34) arranged parallel to the nips defined against the shoe roll. 

According to Document D1 (see column 5, lines 21-23), the outer shell of the shoe 
roll may be made of steel, steel as an alloy being a composite material. 

Thus, the subject-matter of Claim 1 is not novel (Article 33(2) PCX). 

4. Document D1 is also novelty-destroying for Claims 3 and 9 (Article 33(2) PCT). 

5. Dependent Claims 2, 4 to 8, 10 and 1 1 do not contain any features which, in 
combination with the features of any claim to which they refer, meet the require- 
ments of the PCT in respect of inventive step, the essential features thereof being 
suggested by Documents D1 , D2 (see column 2, line 33 - column 5, line 47), D3 
(see column 2, lines 20-22; column 2, line 46 - column 3, line 35) and D4 (see 
column 4, line 14 - column 5, line 42). 

Re Item VII 

Certain defects in the international application 

1 . The two-part form of Claim 1 is not correct (Rule 6.3(b) PCT). 

2. The description is not in conformity with the claims as required by Rule 5.1(a)(iii) 
PCT. 

3. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in Documents D1 and D3 is not mentioned in the description, nor are 
these documents identified therein. 
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Re Item VIII 

Certain observations on the international application 

1 . In Claim 6, it is not clear to which fibre orientation reference is made since the 
shell material has not been defined as comprising fibres (Article 6 PCT). 

2. In Claim 7, it is not clear how a composite material can be made solely of glass 
fibre. Moreover, it is not clear what is meant by composite of carbon fibres 
"and/or" epoxy (Article 6 PCT). 

3. The subject-matter of Claim 9 is not clear, since according to Claim 1 the calender 
can comprise only one shoe roll which has to be an intermediate roll of the 
calender, while according to Claim 9 the shoe roll may be either a top roll, an 
intennediate roll or a bottom roll (Article 6 PCT). 

4. The embodiments of the Invention shown in figures 3-5 do not fall within the scope 
of the amended claims, since none of the intermediate shoe rolls are provided 
with more than one row of shell-loading shoe means. This inconsistency between 
the claims and the description leads to doubt concerning the matter for which 
protection is sought, thereby rendering the claims unclear (Article 6 PCT). 
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Claims 

1 . A calender, preferably a multi-roil calender, with at least one. shoe roll, -which 
calender comprises a plurality of calender rolls (1, 2, 4;.6, 8, 10) arranged one upon 

5 the other and defining in operation at least one profiling nip (YN, PNl, RN, PN2, 
AN) for profiling a fibrous web (W) that is being calendered^ at least one of the 
calender rolls defining the profiling nip being a shoe roll comprising an.outer shell 
(41, 61) and internal shell-loading shoe means (12, 42, 43. 62, 63, 103) for profiling 
the shell, the nip and the fibrous web as well as for controlling contact in the nip, 
10 characterised in, that . 

a shoe roll (2« 4, 6, 8) is at least one of calender rolls between the top and bottom 
calender rolls (1, 10) of a multi-roll calender, 

asheU (41, 61) of each shoen3ll (2, 4/6, 8) is of composite-iTiateriaViarid . 
- TOWS of internal shell-loading shoe means (42, 43; 62, 63). are arranged paiallel 
15 to a nip (PNl, BCN, PN2) defined against the shoe roll-(2, 4, 6, .8). J . 

2. A calender according to claim I, characterized in that middle or .intermediate rolls 
(4, 6) in a multi-roll calender are composed of the shoe roll. • 

20 3. A calender according to claim 1 or 2, characterized in thafdie rows of. internal 

shell-loading shoe means (42, 43; 62, 63) are imifbrmly spaced with respect to one 
another in the circumferential direction of Ae composite shell (41, .61). . 

4. A calender according to any one of claims 1 to 3, characterized in that the top roll 
25 (1) of the multi-roll calender is composed as a shoe roll. 

5. A calender according to any one of claims 1 to 4, characterized in that the bottom 
roll (10) of the multi-roll calender is composed as a shoe roll. 

30 6. A cal ender according to any one of claims 1 to 6, characterized in that the properties 
of the composite shell of the shoe roll are achieved by a fibre orientation such that the 
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composite shell is more rigid in the eircumferaitial direction than in tiie axial 
direction. . . 

7. A calender according to claim 6, characterized in that the composite material is 
5 selected from a group ivfaich advantageously includes: continuous-fibre, reinforced 

plastic; glass iibre; a composite of carbon fibres and/or epoxy, and that in order to 
provide a shdl ^ch is more rigid in the circumferential direction in relation to the 
axial direction of the shoe roll (1, 4, 6, 10), the fibre orientation of the composite 
material has been accomplished such that a m^or proportion of the . fibres of the 
ic composite material of the shell (11, 41, 61,. 101) of the shoe roll.(l, 4, 6. 10) has 
directed at an angle of over 45^ with inspect to the axis of the shoe roll (1, 4, 6, 10). 

8. A calender according to claim 7, charactmzed in ttiat the- angle is advantageously in 
the range of 70«-90^ - :: 

15 

9. A calender according to any orie of claims 1 to 8, characterised in that the shoe roll 
(1. 4, 6, 10) is advantageously a hydraulically zone-controlled top roll, intermediate 
roll» middle roll or bottom roll of a calender, the composite shell (1 1, 41^ 61, 101) of 
which is supported fi-om a non-rotating central shaft^.of the. roll by means. .of 

20 hydrostatic loading arrangements (12: 42« 43; 62, 63;'- 103), such as rows of loading 
shoes, which transfer the nip force directed at the' composite shell rotating around the 
central shaft so as to be carried by the central shaft 

10. A calender according to any one of the preceding claims 1 to 9, characterized in that, 
25 in calender operation, a shoe roll (4; 6) can be separated from a nip (PNl, KN, PN2) 

forming contact with a press roil (2; 8) or another shoe roll (4; 6). 

1 1 A calender according to any one of the preceding claims 1 to 10 in a calender in which 
there are two stacks (A,B) of three roils placed one upon the other such that between 
30 the stacks there remains a space which is defined b>' a bottom roll (4) of the upper 
stack (A) and by a top roll (6) of the lower stack (B), characterized in thai the bottom 
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roU (4) of the upper stack (A) and the top roll (6) of the lower stack (B) can be 
separated Jrom contact with rolls (2, 8) of their own roll stack (A, B) into nip contact 
(KM) with each other. 

1 2. A calender according to any one of the preceding claims 1 1. characterized in that the 
shoe toll or rolls are composed of calender rolls between the top and bottom rolls of 
the upper stack (A) as well as correspondingly between the top and bottom rolls of the 
lower stack (B), and that at least the bottom roll (4) of the upper rolT stack (A) and the 
top roll (6) of the lower roll stack (B) are fixedly motmted on a calender fiame (R) 
such that their shells can be displaced in the direction of the roU stack- with respect to 
supports (1 3) of the rolls. 

13. A calender according to claim 12, characterized.in.that the shoe. roll, or rolls are 
composed of calender rolls between the top and bottom rolls of the upper slack (A) .as 
well as conespondingly between the top and bottom rolls of the lower stack (B), and 
that at least the bottom roU (4) of the vipper roU stack.(A) and the top to11.(6) of the 
lower roll stack (B) are provided with loading members located inside the roll sheU. 
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